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ABSTRACT 
ULTRASTRUCTURAL DIFFERENCES BETWEEN MITOCHONDRIA 
FROM NORMAL AND DIABETIC RATS 
Rats were made diabetic by the administration of alloxan. and the 
ultrastructural characteristics of mitochondria from these animals were 
compared to those of normal animals. Mitochondria from liver, heart and 
the muscle layer immediately below the gingiva were studied. 
The inner membrane cristae of negatively stained mitochondria from 
liver and heart were found to exhibit a retraction of the 90 A subunits 
in diabetic animals. Narrow spaces in each single membrane of the 
double membraned cristae were not found in mitochondria from diabetic 
animals which were positively stained. The cristae also appeared to be 
more dense in mitochondria from the muscle layer immediately below the 
gingiva in diabetic animals. These mitochondria also revealed a more 
11washed-out11 appearance and fewer ribo$omes appeared to be clustered 
around them than in mitochondria from normal animals. 
Mitochondria isolated from the heart tissue of diabetic animals 
-
showed a reduction of approximately 40% in the calcium ion concentration. 
These results were interpreted as being caused by a retraction of 
the inner membrane subunits. Such a retraction may cause a change in 
enzymatic spatial configuration with a corresponding change in oxidative 
phosphorylation. These biochemical and structural changes may be 
valuable in helping to elucidate the metabolic defect of diabetes and 
the mechanism of insulin action. In addition, an examination of mito-
i i 
chondrial alterations in tissues obtained by oral biopsy may provide 
another parameter for the clinical detection of diabetes. 
i i ; 
INTRODUCTION 
Although it has been known for many years that mitochondria are 
energy producing organelles in aerobic cells of eucaryotes (they contain 
the enzymes of the "electron transport system" arranged on their walls 
or cristae and the enzymes of the "citric acid cycle" in the matrix) (1), 
recent research has revealed new challenges. Two of these are the role 
of ion transport and membrane structure in oxidative phosphorylation {2). 
·· The regµlation of the intracellular dis.tribution of ions such as ca++ 
and Mg++ and the relationship of mitochondrial membrane structure to 
function may prove of great value in elucidating metabolic disease 
mechanisms. 
. . 1 
REVIEW OF THE LITERATURE 
. 
Diabetes, mitochondria and insulin action. One disease in which a basic 
biological defect may involve mitochondria is diabetes. This is a well 
known disease characterized by hyperglycemia and glucosuria resulting 
from relative or absolute insulin deficiency due to destruction or 
abnormalities of the beta cells of the pancreas (3). This hormone is 
produced in the islets of Langerhans and functions in close association 
with mitochondria. · However, the ultimate mechanism of insulin action 
excapes definition despite the wealth of information on glucose transport, 
protein synthesis and glycogen synthesis attributed to insulin effects. 
At the present time insulin is considered to act as a mechanical bond 
between the mitochondria and hexokinase in muscle and glucokinase in 
liver. In this way the enzyme is brought in close association to a 
site of generation of ATP (adenosine triphosphate) on the respiratory 
chain which is also a site of requirement of ADP (a·denosine diphosphate)(4). 
However, the key to the resolution of insulin action as well as the 
lesion of diab~tes itself may lie in mitochondrial ultrastructure. 
Reports from several investigators have shown the existence of a 
relationship between the diabetic state and the decreased oxidative · 
phosphorylation of mitochondria. Vester and Stadie (5) found that 
mitochondria from depancreatized cats had low P:O (phosphorous:oxygen) 
ratios but that these were not affected by insulin in vitro, although 
normal ratios were restored after three days of insulin injection in 
vivo. In an experiment dependent upon the rate of formation of ATP, 
Chorolampous and Hegsted (6) reported that the acetylation of injected 
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p-aminobenzoic acid was depressed in the intact alloxan diabetic rat. 
Recent correlative biochemical and structural studies have shown 
that insulin and Mg++ may act to alter the configuration and also enhance 
the efficiency of coupled phosphorylation in sonicated fragments as well 
as in fixed and embedded preparations from diabetic rat liver mitochondria 
(7,8). The diabetic sonicated preparations had consistently lowered 
P:O ratios which returned to normal values with addition of insulin in 
vivo or in vitro. Optimum coupling and structural changes with insulin 
required a Mg++ concentration of 5 X 10-5 M. Insulin remained effective 
diluted to a concentration of 2 X 10-4 I.U. per ml. Bovine albumin and 
Zn++ were in~ffective in producing either coupling or structural changes. 
There seems to be a synergistic action of insulin and Mg++ in restoring 
P:O ratios · in diabetic particles which simultaneously alter the structure 
toward normal control appearances. When mitochondria fragments were 
negatively stained with 1% phosphotungstate, the cristae were observed 
to have numerous evenly distributed spherical particles (stalked head-
0 
pieces) approximately 90 A in diameter. The mitochondria fragments 
0 
from diabetic animals showed the 90 A headpieces to be retracted. Insulin 
and Mg++ in vitro or insulin in vivo restored the appearance of the dia-
- -
0 
betic cristae to that of the nonnal particles with the 90 A spheres 
protruding from the inner membrane cristae (9,10). 
Submitochondrial particles. First discovered and described by Fernandez-
a 
Moran et al (11, 12), the 90 A headpieces of the submitochondrial 
particles have been isolated by severe sonication, purified and identi-
fied as adenosine triphosphatase (Mol. Wt. 284,000) (13,14). It has also 
been shown that ATPase is coupling factor 1 (Fl) located on the sub-
4 
mitochondrial particles as the headpiece. In mitochondria Fl catalyzes 
the react:ion: 
X P + ADP-,X + ATP 
Furthermore, Fl contributes to the morphology of mitochondrial particles 
and DPNH-TPN (diphosphopyridine nucleotide in its reduced form -
triphosphopyridine nucleotide) transhydrogenase experiments utilizing 
oxidation energy indicate that Fl contributes to the stabilization of a 
high energy intermediate or of the submitochondrial structure (15). 
Normally prepared mitochondria from diabetic animals exhibit P:O ratios 
of 1.5 and 2.4 with pyruvate and citrate respectively and may vary in 
size and density, often appearing as large pale spheres which readily 
clump. On the other hand nonnal mitochondria appear dark, round, 
e 1 ong·a ted and uni farm with no tendency to c 1 ump. They yi e 1 d P: 0 ra ti as 
· of 2.2 with pyruvate, 3.3 with citrate and exhibit no effect when insulin 
(3-6 I.U.) is added in contrast to the diabetic preparations which revert 
to normal values on addition of insu~in (16). This correlation of P:O 
ratios suggests that the retracted headpiece position represents a 
. 
conformational state associated with reduced oxygen consumption and lower 
efficiency of ATP production (17). 
However, recently the existence of elementary particles has been 
questioned. A study of mitochondria in the hypotonic media used for 
preparation of negatively stained material revealed extensive alteration 
of the membrane under these conditions. It was suggested that the 
headpieces may represent globular micelles of lipids formed as a result 
of damage to the inner mitochondrial membrane during the negative stain-
ing procedure (18). While the possibility of artifacts exists, the 
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appearance of the heijdpiece does not depend on a specific preparation 
technique as indicated by observation in embedded and sectioned prepara-
tions (19). Silver (20,21,22) using unfixed rat liver mitochondria 
prepared for freeze-etch studies has substantiated reports that the 
subunits are not artifacts of negative staining or other staining methods. 
Moreover, the work of Kagawa and Racker (23) identifying the headpiece 
as the morphological representation of ATPase appears to exclude it as 
a lipid breakdown product. The following reasons have been put forth: 
1. Removal of headpieces from submitochondrial particles by 
treatment with trypsin and urea resulted in loss of ATPase 
activity. 
2. Electron micrographs of negatively stained homogeneous 
0 
preparations of the soluble ATPase revealed 80-90 A spheres 
indistinguishable from the headpieces. 
3. Addition of the soluble enzyme to respiring beef heart parti-
cles deficient in headpieces and endogenous ATPase resulted in 
binding of the added protein and the reappearance of membrane-
bound headpieces. 
4. Binding of H-acetyl ATPase to ATPase-deficient particles and the 
removal of the labeled enzyme with 2M urea at 0° resulted in a 
decrease in membrane-bound headpieces. 
Thus it appears that the headpieces are not artifacts but rather 
ATPase (Fl) necessary for the coupling of oxidation to phosphorylation. 
In insulin deficiency, this coupling effect is reduced as evidenced by 
lowered P:O ratios. ~erhaps due to the structural modification of 
. ~ 
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mitochondria resulting from headpiece retraction, the level of ATPase 
is lowered, altering the energy transduction ability of the mitochondria. 
This might lead to the maintenance of this newly acquired ultrastructural 
state on the basis of conservational conformation of structure (24,25). 
Associated with the retraction of headpieces in insulin deficient mito-
chondria is the extremely compressed, dense appearance of mitochondrial 
cristae. This modification results in narrowing of the intercristal 
space and this in turn could cause extrusion of substrates and adenine 
nucleotides (26). 
In addition, studies on the topography of the inner mitochondrial 
membrane have shown that succinate dehydrogenase and several coupling 
factors are located on the side facing the medium in submitochondrial 
particles (27). Any retraction of submitochondrial particles could 
reduce the availability of coupling factors. With diminished amounts 
of Fl and or unavailability of adenine nucleotides in close proximity, 
less ·coupling of oxidation to phosphorylation could occur and a defic-
iency of ATP would result. 
Binding of insulin to mitochondrial membranes. It has recently been 
observed that unconjugated ferritin injected into diabetic rats remained 
intravascular and did not migrate into tissues while conjugated ferritin-
insulin was located in pinocytotic vesicles of endothelial cells. These 
complexes were also distributed in association with membrane complexes 
such as mitochondria (28) possibly suggesting some type of interaction 
with mitochondria. The presence of insulin in close proximity to 
mitochondria might contribute in some capacity to the energization and 
or stability of the inner membrane. Lack of insulin might alter membrane 
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charge and increase binding constants of other inhibitors resulting in 
a lowered level of electron transport and the reduction of coupling of 
oxidation to phosphorylation. Wang and Copeland (29) working with an 
inhibitor carbonyl-cyanide-m-chloro-phenylhydrazone have proposed a 
similar mechanism in which deenergization of the inner membrane by a 
small amount of uncoupler removes the negative net membrane charge and 
thus increases the apparent binding constants of the inhibitor. 
The binding of zn++ to mitochondrial membranes has also been studied. 
Investigators have found that protamine insulin preparations of low ash 
content are not as effective in the prolongation of hypoglycemic activity 
as were corresponding preparations to which zinc had been added (30). 
Thus corrunercially produced crystalline insulin combined with zinc is 
similar to the hormone as secreted by the gland, since the pancreas 
contains appreciable quantities of zinc. It has been suggested that the 
binding of zn++ to mitochondrial membranes reversibly alters the membranes 
. 
in such a way as to facilitate the energy-linked uptake of Mg++ and t<+. 
Therefore, it is possible that zn++ insulin could lead to the uptake of 
Mg++ necessary for the activation of the Fl coupling factor (31). In 
this way insulin could exert an effect on the maintenance of subunit 
ultrastructure. However, lack of insulin could severely retard Mg++ 
uptake and interfere with Fl. Even the swelling action of the hormone 
might be attributable to its content of zn++ and possibly of other 
metals through the ion binding capacity of the membranes (32,33). Thus 
in the normal condition this swelling could well be a permeability 
mechanism permitting self-adjustment of respiration and phosphorylation 
· in the intact cell. 
STATEMENT OF THE PROBLEM 
The above are a few possible considerations concerning ultra-
structural alterations which could .affect oxidative phosphorylation. 
Any correlation of mitochondrial ultrastructure with the metabolic 
defects of diabetes would provide more information in understanding the 
ultimate nature of this disease. It .is with these considerations in mind 
that morphologic studies and ion determinations were made on mitochon-
dria from normal and diabetic tissues (liver and heart). 
There is however another aspect of this investigation concerning 
the detection of diabetes through a comparative study. Cl1nically 
speaking, it is well established that the diabetic patient has a 
decreased resistance to infection and has a much slower healing time 
than the normal patient (34). Unfortunately for many patients the 
condition of diabetes may remain undetected for long periods of time. 
Recently Anapolle et .al (35,36) have proposed a simple gingival biopsy 
as a diagnostic tool replacing muscle biopsies in both diabetic· and 
prediabetic patients. The evidence on which they make their proposal 
is based on the ultrastructural alterations observed in gingiva from 
diabetic animals namely: 
1. increased width of the basement membrane of blood vessels from 
0 
2000 A in the normal animal to 4000 ~ in the diabetic animal. 
2. alteration in the endothelial lining of blood vessels. 
3. appearance of large dense bodies within epithelial cell 
mitochondria. 
4. increase in the number of keratohylin granules in the stratum 
8 
9 
granulosum. 
Since diabetes results in a decreased resistance to infection and 
since mitochondria from diabetic animals exhibit a lowered P:O ratio, 
perhaps associated with reduced oxygen consumption and a lower effi-
ciency of ATP production, it would be interesting to correlate these 
biochemical changes with ultrastructural changes in the mitochondria 
localized in an oral tissue, such as gingiva, which is well suited for 
biopsy. If this were possible not only would these findings be compar-
able to liver and heart findings but they would serve as additional 
criteria in the detection of clinical diabetes. 
MATERIALS AND METHODS 
Animals. 100 g. Sprague-Dawley male rats were made diabetic by 
subcutaneous injection of alloxan dissolved in 0.125 M KH 2Po4 , 0.20 M 
sodium citrate buffer, pH 4.0. 90 mg alloxan/kg of body weight were 
administered on two consecutive days or the full dose of 180 mg/kg was 
given. The animals were not used for experiments until two weeks after 
the last alloxan injection. Clinitest (Ames) reagent readings of at 
ieast 4+ were used as the diabetic criteria. Blood glucose (over 250mg %) 
was measured on the day of exsanguination by the use of Dextrostix (Ames). 
Isolation of mitochondria. The animals were sacrificed by decapitation 
with a guillotine and the livers and hearts excised immediately and 
placed in an ice slurry of isotonic sucrose-EDTA, pH 7.2 (0.25 M sucrose; 
0.005 M ethylene-diaminetetraacetate). Oral biopsies of gingiva + muscle 
were also taken at ·this time. These were cut into 1 mm3 sections and 
processed as described under "Fixation and positive staining". 
The liver tissue was passed through 1 mm pores of a chilled metal 
press and the heart ~issue was cut into 1 mm3 particles. This was 
followed by immediate homogenization (15 times) in sucrose-EDTA using 
a Potter-Elohjem homogenizer to form a 10% homogenate. The unbroken 
cells and nuclear debris were removed by centrifugation in a Lourdes 
refrigerated centrifuge for 10 minutes at 700x g. The resulting super-
natant was centrifuged for 10 minutes at 4800x g. The mitochondrial 
pellet obtained was divided into two ·portions which were washed twice by 
resuspension in 10 ml of sucrose-EDTA and rehomogenized once to obtain 
a uniform suspension. TRis homogenate was then used for electron 
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microscopy and calcium determinations. 
Fixation and positive staining. Tissues were fixed in 3% glutaraldehyde, 
post-fixed in Os04, dehydrated in alcohol, and then embedded in pure 
Maraglas (37). The sections were made on an LKB ultratome with a 
glass knife and then triple stained with lead citrate followed by 
uranyl acetate and again with lead citrate. This procedure is summarized 
in Figures I and II of the Appendix. 
Negative staining. 0.25 ml of the original mitochondrial suspension was 
brought to 5 ml in distilled water and homogenized. 1 ml of this mixture 
was combined with 1 ml of PTA (phosphotungstic acid, pH 7.0) and a drop 
of this was added to a colloidian coated carbon stabilized grid and 
a·11 owed to dry. 
Electron microscope. The electron microscopes used were a Siemans 
Elmiskop IA and a JEM 100 B. 
Calcium determination. The initial mitochondrial isolation was the same 
as previously described except that a 0.25 M sucrose solution was used 
instead -0f sucrose-EDTA according to the method of Vasington and Murphy 
(38). An aliquot of the mitochondrial suspension was pipetted into a 
flask and dried under ultraviolet lamps. The mitochondria were wet ashed 
with a nitric:perchloric (1 :1) acid mixture overnight, and dissolved 
in 0.5 ml of 6 N HCl. Readings were made in a 1% lanthenum chloride 
solution on a Perkin Elmer Flame Spectrophotometer. Protein was determined 
by the Biuret method (39) and micrograms of calcium calculated per milli-
gram of mitochondrial protein. 
RESULTS 
Liver and heart mitochondria. Positively stained electron micrographs 
showed the normal cristae to be composed of double membranes with each 
single membrane divided by a narrow space. There also appeared to be a 
regula.r granularity along the edge of the cristae (Figure 1). In mito-
chondria from diabetic animals, the single membrane was not divided by a 
narrow space but instead appeared very dense (Figure 2). This suggested 
0 
a retraction of the 90 A subunits observed through negative staining 
techniques (figures 3, 4, 5, 6, 7). Calcium determinations performed 
on heart mitochondria isolated from diabetic animals showed a reduced 
ca++ ion accumulation (40%)(Table 1). 
Mitochondria from oral tissue. In the case of mitochondria located in 
the muscle layer immediately below the gingiva, the cristae also presented 
a more compressed dense appearance in the diabetic samples (Figures 12, 15). 
These mitochondria also appeared to have a more 11 washed out" appearance 
and there were less ribosomes clustered around them (Figures 13, 14, 15, 
16, -17). On the other hand, the cristae in the normal mitochondria of 
comparable samples had a less compressed intercristaenal space, were not 
as "washed out" in appearance and had a greater number of ribosomes 
around them (Figures 8, 9, 10, 11). 
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DISCUSSION 
The absence of narrow· spaces in the single inner membrane of the 
double membraned cristae of mitochondria (liver and heart, negatively 
stained) from diabetic animals appeared to represent the retraction of 
the 90 ~ subunits. Such a retraction caµsed the cristae to become 
thicker and more dense. Administration of insulin to diabetic animals 
has been observed by some investigators to reverse this process (40,41). 
In the present investigation the regular granularity along the cristae 
observed in ~he positively stained mitochondria (normal specimens) was 
0 
also compared to the presence of the 90 A subunits seen in the negatively 
stained preparations in an attempt to rule out artifacts. Additional 
evidence in positively stained specimens showed that the narrow spaces 
in each single membrane of the double membraned cristae found in normal 
mitochondria were not found in mitochondria from diabetic rats. The 
cristae also presented a more compressed, dense appearance. These 
results were interpreted as being caused by retraction of the inner 
membrane headpieces which are intimately associated with the respiratory 
assembly and ~re considered to be composed of a coupling factor. 
A certain degree of retraction of subunits was also visible in the 
mitochondria located in the muscle layer directly below the gingiva in 
the diabetic samples. However, the magnification and resolution of the 
photographs of these mitochondria taken with the JEM 100 B electron 
microscope were not of the same high power and quality as those taken 
of liver and heart specimens. Therefore more experiments and better 
photographs are indicated in future work. 
13 
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It was also observed in the oral tissue samples that the mitochondria 
were more "washed out" and that there were fewer ribosomes clustered 
around these mitochondria than in normal samples. It is possible that 
the total number of ribosomes might be reduced or altered in position 
in certain tissues in the diabetic state and tha~ a reduction in protein 
synthesis could occur, which might be related to a decrease in ATP due 
to alterations in mitochondrial metabolism. It has previously been 
reported by Tragel et al (42) in 1971 that diabetes results in a 
marked reduction in in vitro protein synthesis by hepatic polysomes and 
that this can be correlated to a concomitant decrease in the amount or 
availability of messenger RNA. Alterations in the level of energy 
production can affect protein synthesis and in this respect perhaps 
the initial results on calcium ion concentrations in mitochondria may also 
have some sig~ificance. 
When calcium ion levels in mitochondria were measured it was found 
that heart mitochondria of diabetic animals appeared to accumulate less 
ca++ than mitochondria from nonnal animals. It is well known that as 
ca++ and certain other ions are accumulated in mitochondria, an equiva-
lent number of H+ ions are ejected from the mitochondria into the medium 
creating an H+ gradient. This observation has been the basis for one of 
the postulated mechanisms of oxidative phosphorylation as advanced by 
Mitchell (43). Briefly it states that the energy rich H+ gradient 
generated by electron transport causes the formation of ATP from ADP 
and phosphate in the form of a dehydration reaction: 
ADP+ P;, \ ATP+ HOH 
15 
ATP (F1 coupling enzyme) is capable of removing H20 in the form of H+ 
and OH- ions from ADP and Pi because of its special orientation in the 
plane of the mitochondrial membrane. If the calcium reduction observed 
in the present investigation is true then it could lead to a lessened 
amount of available ATP for heart muscle contraction in the diabetic 
state which might ultimately be related to the mitochondrial alterations 
observed. More experiments are also needed along this line. 
Nevertheless the present investigation forms a basis for a beginning 
and suggests that mitochondrial and ribosomal alterations, whether in 
heart, liver, oral tissues or any other tissue should be investigated 
through a combination of electron microscopy and biochemical studies. 
In this way not only will a clinical diagnostic parameter be elaborated 
upon but certain important facets may be learned about the basic bio-
chemical defects involved in the diabetic state. 
CONCLUSIONS 
Ultrastructural differences in mitochondria were observed in heart, 
liver, and the muscle layer immediately below the gingiva from nonnal 
and alloxan diabetic rats. The mitochondrial cristae of diabetic animals · 
presented a compressed, dense appearance which may represent a retraction 
0 
of the 90 A inner membrane subunits. The mitochondria from the muscle 
layer immediately below the gingiva in diabetic rats revealed "washed 
out" degenerated areas and a reduction in the number of ribosomes 
around the mitochondria. 
The calcium ion concentration was also reduced (40%) in the mito-
. 
chondria from heart tissue in diabetic rats compared to controls and it 
was postulated that this might be associated with reduced ATP production. 
Finally, since the inner membrane subunits have been associated with a 
coupling factor of oxidative phosphorylation (44) it was concluded that 
the combined mitochondrial changes observed in the present investigation 
may be a partial reflection of altered structurally related metabolic 
functions in normal versus diabetic animals. 
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ILLUSTRATIONS 
Figure 1 
Normal heart mitochondria. Triple stained. There are 
narrow spaces visible between the double-membraned 
cristae (x 207,000). The enlargement A (x 500,000) in 
the upper right corner shows the single membrane space 
and the regular granularity along the cristae edge. 
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Figure 2 
Diabetic heart mitochondria. Triple stained. There is a 
characteristic density of the cristae (x 315,000). This 
density is further depicted in enlargement B (x 437,000) 
in the upper right corner. 
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Figure 3 
Diabetic heart mitochondria. Homogenized in water and 
negatively stained (PTA). Retraction of subunits is 
visible (x 244,800). 
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Figure 4 
Diabetic heart mitochondria. Homogenized in water and 
negatively stained (PTA). Retraction of subunits is 
visible (x 216,000). 
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Figure 5 
Normal liver mitochondria. Homogenized in water and 
negatively stained (PTA). Since the membranes can be 
examined without sectioning by the negative-contrast 
method, greater detail of cristae organization is possible 
than with secti oned specimens. The extension of subunits 
and their connection by stalks to the cristae is visible 
(x 270,000). 
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Figure 6 
Diabetic liver mitochondria. Homogenized in water arid 
negatively stained (PTA). The retraction of subunits 
along the cristae is visible (x 288,000). 
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Figure 7 
Normal heart mitochondria. Homogenized in water and 
negatively stained (PTA). The extension of subunits is 
visible as compared to Figures 3 and 4 (x 288,000). 
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Figure 8 
Normal mitochondria from the muscle layer directly below 
the gingiva. Triple stained. The · cristae have a light 
uncompressed appearance and extension of subunits is 
visible (a). Ribosomes are present around the mitochondria 
as well as within (b) (x 140,000) . 
• 
• 
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· Figure 9 
Normal mitochondria from the muscle layer directly below 
the gingiva. Triple stained. Extension of subunits is 
visible (a). Ribosomes are present within and around the 
mitochondria (b) (x 160,000). 
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Figure 10 
Normal mitochondria from the muscle layer directly below 
the gingiva. Triple stained. Although not as clearly 
shown as in Figure 8, the cristae still retain an uncom-
pressed appearance. Note also the abundance of ribosomes 
(arrows) (x 120,000). 
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Figure 11 
Normal mitochondria from the muscle layer directly below 
the gingiva. Triple stained. The cristae have an uncom-
pressed, less dense appearance than corresponding cristae 
from diabetic animals. Ribosomes are present along the 
periphery and within the mitochondria (x 160,000). 
27 
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Figure 12 
Diabetic mitochondria from the muscle layer directly below 
the gingiva. Triple stained. The cristae have a compressed 
dense appearance (x 140,000). 
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Figure 13 
Diabetic mitochondria from the muscle layer directly below 
the gingiva. Triple stained. There are "washed out areas", 
indicated by arrows, where breakdown appears to have taken 
place (x 160,000). 
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Figure 14 
Diabetic mitochondria from the muscle layer directly below 
the gingiva. Triple stained. The cristae are not clearly 
visible and "washed out areas 11 are present (x 160,000). 
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Figure 15 
Diabetic mitochondria from the muscle l~yer directly below 
the gingiva. Triple stained. Note the "washed out areas" 
and the compressed appearance of the cristae. Ribosomes can 
also be seen around the mitochondria (x 120,000). 
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Figure 16 
-Diabetic mitochondria from the muscle layer directly below 
the gingiva. Triple stained. "Washed out areas" are visible 
(x 160,000). 
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Figure 17 
Diabetic mitochondria from the muscle layer directly below 
the gingiva. Triple stained. "Washed out areas" are visible 
as in Figure 16 (x 160,000)~ 
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TABLE I 
ca++ Ion Concentration in Mitochondri~ 
Alloxan induced diabetes Mi t~chondri a 
ug ca+ /mg protein 
Liver Heart 
0.528 1 .070 
- . 0.625 1. 060 
0.736 ' 1. 230 
+ 0.695 0. 751 
+ 0.424 0.518 
4 ml and 2 ml of mitochondrial suspension (liver and heart) were pipetted 
iAto flasks and dried under ultraviolet lamps. The mitochondria were 
· wet ashed with a nitric:perchloric (1 :1) acid mixture overnight, and 
then dissolved in 0.5 ml of 6 N HCl. Readings were made in a 1% 
lanthenum chloride solution. 
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APPENDIX 
Fixation and Tissue Processing 
1. Fix tissue in glutaraldehyde for one hour in refrigerator. 
2. 
3. 
4. 
5. 
6. 
7. 
Rinse in 
Post-fix 
Rinse . ,n 
Place . ,n 
Place . ,n 
Place . ,n 
0.05 M phosphate buffer wash. 
in Oso4 for one hour. 
50% ethyl alcohol two times. 
70% ethyl alcohol for 10 minutes 2 times. 
95% ethyl alcohol for 10 minutes 2 times. 
100% ethyl alcohol for 20 minutes - 2 times. 
8. Remove from refrigerator and place in third absolute alcohol for 
20 minutes. 
9. Place in propylene oxide for 15 minutes - 2 times. 
10. Place in equal parts propylene oxide and Maraglas for 30 minutes. 
11. Place in pure Maraglas for one hour. 
12. Place in pure Maraglas overnight either covered in refrigerator or 
uncovered on table. 
13. Bring specimens and Maraglas while covered to room temperature. 
14. Place several drops of Maraglas into the bottom of each mold. 
15. Drop in small piece of tissue and push to bottom. 
16. Fill molds with Maraglas. 
17. Place molds in 56-60° C incubator overnight. 
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· Positive Staining (triple staining procedure) 
1. Float specimen containing grids on lead citrate solution, shiny side 
down (8 minutes). 
2. Wash in hot distilled water and dry on lens paper. 
3. Place under a solution of 10% uranyl acetate, shiny side up ( 5 
minutes). 
4. Wash in cold distilled water and dry on lens paper. 
5. Float grids on lead citrate solution, shiny side down ( 8 minutes). 
6. Wash in hot water and dry on lens paper. 
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